The microwave spectra of acetyl cyanide, CH3COCN, in the ground and in the two lowest excited states have been investigated. The rotational constants and the quadrupole coupling constants have been evaluated for all these states. The internal rotation parameters have been refined with respect to previous works. Evidence for a rotation-torsion -vibration interaction has been found in the spectra of the excited states.
I. Introduction
The rotation-torsion-vibration interaction has since long been of interest in this Laboratory and a model for molecules with a symmetry plane, allowing for two internal degrees of freedom has been developed 2 .
Methyl thiocyanate, CH3SCN, and ethyl cyanide, CH3CH0CN, provided the first challenge to test the model [3] [4] [5] [6] . In CH3CH2CN the closeness between the two lowest vibrational states, corresponding to the CCN-in-plane bending and to the methyl torsion, produces observable perturbations on their rotional spectra. In fact, while the ground state lines are unsplit, some lines in the first excited torsional state (va, Vq = 1,0) and in the first excited CCN-in-plane bending state (va, uq = l,0) exhibit splittings, which can not be interpreted by the usual rigid framerigid top theory. A model with two internal degrees of freedom, one for the methyl torsion and one for the in-plane bending, proved accurate enough to account for the measured spectra in this case and in the case of CH3SCN.
It seemed reasonable to test further the model with other molecules 7 and particularly with molecules having a barrier to the internal rotation low enough to allow for somewhat more split lines in the ground and in the excited states. Acetyl cyanide, in view of the previous studies 8 ' 9 appeared to match our request.
In order to follow the sequence of the work done on acetyl cyanide we report in the present Part ground state spectrum and of the investigation of the two lowest excited states, that is the (1,0)-and (0,1)-states. The hyperfine structure due to the Nquadrupole nucleus in the three states and the rotation-torsion interaction fine structure in the ground state are also discussed. The rotation-torsion-vibration interaction fine structure in the spectra of the two lowest excited states will be the subject of Part II 10 .
II. Experimental
The sample was made available to us by Fluka GmbH., Neu-Ulm, Germany, and was used after distillation.
Both Stark-effect spectroscopy and radiofrequencymicrowave double resonance (RFMWDR) spectroscopy were extensively used in the present investigation. Microwave-microwave double resonance (MWMWDR) experiments were also performed to check some assignments. The corresponding instruments have been already described [11] [12] [13] [14] . Measurements were carried out in the region from 8 to 40 GHz at a temperature of about -50 °C and at a pressure of about 5 mTorr.
III. Ground State Spectrum
With the published data not all the features of the ground state spectrum could be interpreted. In fact the transitions in the E torsional state (E transitions), connecting levels with high value compared to J, did not occur within the predictions.
Since these transitions are responsible for widely spaced A -E doublets, due to the effect of the linear terms in the Hamiltonian (1) of Section V, they are also very important for an accurate determination of the internal rotation parameters. 9-9 10-10 8-8 9-9 10-10 8-8 9-9 10-10 8-8 9-9 10-10 9-9 10-10 11-11 9-9 10-10 11-11 
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IV. Excited States Spectra
Each ground state transition of acetyl cyanide is accompanied by detectable satellities due to transitions in the excited states. By a few low resolution spectra, using the procedure as for the ground state, we were able to identify two sets of doublets from the two lowest excited states. General feature of the 313 -404 transitions is illustrated in Figure 2 
a) CH3-torsion
The lowest fundamental vibration was calculated from the V3-value (see below) to be at 131.5 ± 1.5 cm -1 . Relative intensity measurements of the rotational lines agree with this result. Moreover the decrease in the inertial defect compared to that in the ground state is in accordance with the general trend for an out-of-plane vibration. Further support comes also from the vibrational analysis 10 .
The rotational spectrum exhibits widely separated A -E doublets. The correct assignment of the A transitions was established by a rigid rotor fit. A detailed account of the measured transitions will be given in Part II 10 , together with an analysis of the A -E splittings.
Final values of the effective rotational constants for the A state were obtained by a least squares fit to the transitions up to / = 3. No centrifugal distortion correction was necessary within the experimental errors. The hyperfine structure analysis led to the N-quadrupole coupling constants with no meaningful differences between the A and E states. The values obtained are collected in Table 3 . 
b) CCN In-plane Bending
The increase in the inertial defect respect to that in the ground state indicates that the second lowest fundamental is an in-plane vibration. By liquid phase Raman spectra it is identified at 191 ± 1 cm -1 . This value is not far from that of the CCN-in-plane bending of ethyl cyanide at 206.5 ±1.5 cm -1 (see 5 ). Relative intensity measurements of rotational lines are in agreement with this result.
The rotational spectrum presents A -E doublets, whose separations are different from the corresponding ones in the ground state. The assignment of the 
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a From liquid phase Raman spectra.
A transitions was confirmed by a rigid rotor fit. A list of the measured transitions will be found in Part II 10 .
Final values of the effective rotational constants for the A state together with the N-quadrupole coupling constants were obtained as described in the Section above. Results are given in Table 4 .
V. Analysis
In this work we are only concerned with the analysis of the rotation-torsion interaction in the ground state spectrum. The vibration interaction manifests itself only in the excited states spectra.
The effective Hamiltonian that we have used to fit the ground state transitions is expressed, in the principal axis system, as 16 :
where Pa , Pb, and Pc are the total angular momentum operators (the c axis is perpendicular to the molecular symmetry plane), Table 5 . The A and E transition frequencies, calculated by using these parameters, are compared with the observed values in Table 1 . The uncertainty on Iu ( ± 0.04 amu • Ä 2 ), which comes from the structure, has been accounted for in the estimation of the errors on the fitted parameters. 
VI. Conclusion
The angle between the top axis and the a-axis ob- 
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